
Pharbitis nil CHOISY [�Ipomoea nil (L.) ROTH] is found
throughout Southeast Asia. The seeds and the resin extracted
from the plant are medicinal. The main use is as a purga-
tive.1) The Japanese morning glory has been domesticated as
an ornamental plant in Japan. There have been several re-
ports on the isolation of resin glycosides,2—4) a diterpenoid,
pharbitic acid,5) flavonoids, caffeic acid, and chlorogenic acid
derivatives,6) and anthocyanins7—10) from the seeds and flow-
ers of this plant but there has been no report on the chemical
investigation of the saponins in the seeds. In continuation of
our studies on phytochemical studies on naturally occurring
bioactive glycosides,11—14) we became interested in the
saponin content of the seeds of the plant. This paper de-
scribes the structural determination of the two new saponins
isolated from the MeOH extract of the seeds.

The powdered seeds of P. nil were sonicated with MeOH
and partitioned as described in the Experimental. b-Sitos-
terol and its glucoside and caffeic acid and its methyl ester
were isolated by successive chromatography using silica gel
and reverse-phase C18 from the hexane and EtOAc fractions,
respectively. The BuOH-soluble fraction after repeated chro-
matographic purification over MCI gel and reverse-phase C18

afforded two compounds designated pharbitosides A (1) and
B (2).

Pharbitoside A (1) was obtained as colorless crystalline
needles. High-resolution (HR) FAB-MS gave the composi-
tion C48H78O18. An inspection of the 1H- and 13C-NMR spec-
tra of the compound readily indicated the presence of three
monosaccharide units through easily identifiable signals for
anomeric protons and carbons. Acid hydrolysis of 1 afforded
glucose (Glc) and rhamnose (Rha) as the sugar components
identified on TLC analysis by comparison with authentic
samples. The absolute configurations of sugars were deter-
mined to be the L-form for Rha and D-form for Glc, respec-
tively, which were identified by GLC analysis of the thiazoli-
dine derivatives.15) The negative-ion mode FAB mass spec-
trum of 1 exhibited an [M�H]� ion at m/z 941, which is con-
sistent with a trisaccharide glycoside carrying two Glc, one
Rha, and an aglycon with a molecular mass of 472. The frag-
ments at m/z 795 [(M�H)�146]�, 633 [(M�H)�146�
162]�, and 471 [(M�H)�146�162�162]� showed the pres-
ence of a linear sugar chain, and the sugar sequence appeared

to be that of Glc–Glc–Rha.16) The spectroscopic data of the
aglycon moiety of 1 were closely related to those of oleanolic
acid17); however, the molecular formula of the aglycon moi-
ety was higher by one oxygen atom than that of oleanolic
acid, implying the presence of one more hydroxyl group in
addition to the C-3 hydroxyl group. The oxygenated methyl-
ene protons at d 3.93 (d, J�10.5 Hz) and 4.01 (d, J�10.5 Hz)
correlated with d 65.6 in the heteronuclear multiple-quantum
correlation (HMQC) spectrum and showed heteronuclear
multiple-bond correlation (HMBC) correlations with C-19 (d
42.1), C-20 (d 35.9), and C-29 (d 28.5), indicating the pres-
ence of a hydroxymethyl group at C-20. These results indi-
cate that either the C-29 or the C-30 methyl group was hy-
droxylated. C-29 hydroxylation gives mesembryanthemoidi-
genic acid,18) while C-30 hydroxylation gives queretaroic
acid.19) Comparison of the carbon chemical shift for the hy-
droxymethyl signal (d 65.6) with both model compounds (d
73.9 of C-29 for mesembryanthemoidigenic acid vs. 65.5 of
C-30 for queretaroic acid) supported the identification as
queretaroic acid. The glucosyl unit was shown to be directly
attached at C-3 of the aglycon by an HMBC correlation be-
tween the signal of the anomeric proton of the glucosyl unit
at d 4.96 and C-3 of the aglycon at d 89.6. The anomeric
proton of the terminal rhamnosyl moiety at d 6.43 showed a
3JC,H correlation with C-2 of the inner glucosyl residue at d
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78.5, the anomeric proton of which at d 5.86 in turn showed
a long-range correlation with C-2 of the glucosyl moiety at d
79.0. The 1H-NMR signal multiplet patterns and coupling
constants (Table 1) allowed the identification of an a-L-
rhamnopyranosyl unit and two b-D-glucopyranosyl units in 1.
In light of the above observations, the structure of the phar-
bitoside A (1) was determined to be queretaroic acid 3-O-a-
L-rhamnopyranosyl-(1→2)-O-b -D-glucopyranosyl-(1→2)-b -
D-glucopyranoside.

Pharbitoside B (2) was shown to have the same molecular
formula C48H78O18 as that of 1 on the basis of the (�)-HR-
FAB-MS. Acid hydrolysis of 2 gave sugars identified as L-
Rha and D-Glc as described in 1.15) The sequence of the sug-
ars and binding site at the aglycon of 2 were determined
based on two-dimensional (2D) NMR experiments. These re-
sults indicate that 2 has the same sequence of sugar linkages
as 1. In the 13C-NMR spectrum, the signal due to the C-30
hydroxymethyl carbon at d 65.6 in 1 was displaced by a
methyl carbon at d 24.9 in 2. All other signals were almost
superimposable between 1 and 2, with the exception of sig-
nals for C-16, 21, and C-22 of the aglycon, as shown in Ta-
bles 1 and 2. The hydroxymethine proton at d 3.82 (t,
J�3.0 Hz, H-21) showed spin couplings with the methylene
protons at d 2.38 (dd, J�3.0, 14.5 Hz, H-22a) and d 2.40 (dd,
J�3.0, 14.5 Hz, H-22b) in the 1H–1H correlation spec-
troscopy (COSY) spectrum and HMBC correlation with C-

17 (d 46.6), indicating the presence of a hydroxyl group at
C-21. The configuration of the C-21 hydroxyl group was evi-
dent from the chemical shift and the small J value of H-21
(1H, t, J�3.0 Hz), characteristic of an equatorial proton.
Comparison of the 13C-NMR data of the aglycon moiety of 2
with oleanolic acid17) showed that the signals for C-19 and
29-CH3 of the aglycon were significantly shifted upfield by
�5.1 ppm, respectively, due to a g-gauche effect,20) which
was consistent with the presence of the C-21 axial (a) hy-
droxyl group. Therefore, the structure of the aglycon was de-
termined to be 21a-hydroxyoleanolic acid.21) Thus the struc-
ture of the pharbitoside B (2) was determined to be 21a-hy-
droxyoleanolic acid 3-O-a-L-rhamnopyranosyl-(1→2)-O-b-
D-glucopyranosyl-(1→2)-b-D-glucopyranoside. In addition,
b-sitosterol glucoside (daucosterol), and b-sitosterol22) from
the hexane fraction and caffeic acid23,24) and its methyl
ester25) from the EtOAc fraction were isolated and identified
by comparison of their physical and spectral data with those
previously reported.

The presence of saponins from a plant belonging to the
family Convolvulaceae is an unusual finding, since alkaloids,
resin glycosides, and flavonoids are the typical secondary
metabolites biosynthesized by the genera of this family.26)

Moreover, pharbitosides A (1) and B (2) have unusual agly-
cones, queretaroic acid and 21a-hydroxyoleanolic acid, re-
spectively. To date, only one saponin containing 21a-hydroxy-
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Table 1. NMR Spectroscopic Data (500 MHz, Pyridine-d5) for Pharbitosides A (1) and B (2) (Aglycon Moieties)

Pharbitoside A (1) Pharbitoside B (2)
Position

dC mult. dH (J in Hz) HMBC dC mult. dH (J in Hz) HMBC

1 38.7, CH2 0.91, br t (14.5); 1.38 38.5, CH2 0.94, br t (14.5); 1.46
2 26.4, CH2 1.74—1.80, m; 2.15 26.2, CH2 1.79; 2.18
3 89.6, CH 3.33, dd (4.5, 12.0) 4, 23, 24, 1� 89.4, CH 3.35, dd (4.5, 12.0) 4, 23, 24, 1�
4 39.6, qC — 39.4, qC —
5 55.9, CH 0.82 55.7, CH 0.82 24, 25
6 18.5, CH2 1.38; 1.51, m 18.3, CH2 1.50
7 33.2, CH2 1.30—1.37 33.1, CH2

8 39.8, qC — 39.4, qC —
9 48.0, CH 1.66, br t (9.0) 1, 26 47.8, CH 1.70, t (9.0) 8, 10, 11, 14, 25, 26

10 37.0, qC — 36.8, qC —
11 23.8, CH2 1.51; 1.86 23.6, CH2 1.96
12 122.6, CH 5.48, br s 122.2, CH 5.58, t (4.0) 9, 14
13 144.9, qC — 144.9, qC —
14 42.2, qC — 42.3, qC —
15 28.4, CH2 1.20; 2.23, br t (12.0) 28.6, CH2 2.13, ddd (4.0, 14.5, 14.5)
16 24.1, CH2 2.05; 2.18 28 27.2, CH2 3.13, ddd (4.0, 14.5, 14.5);

2.36
17 46.6, qC — 46.6, qC —
18 41.6, CH 3.45, br dd, (4.0, 12.0) 12, 13, 17, 19, 28 41.9, CH 3.52, br dd, (3.5, 14.5) 13, 17
19 42.1, CH2 1.82 41.5, CH2 2.62, t (14.0); 18, 20, 29, 30

1.30, dd (3.0, 14.0)
20 35.9, qC — 35.7, qC —
21 29.7, CH2 1.87 73.5, CH 3.82, t (3.0) 17
22 33.0, CH2 1.88; 2.22 28 40.2, CH2 2.38, dd (3.0, 14.5); 

2.40, dd (3.0, 14.5)
23 28.5, CH3 1.38, s 3, 4, 5, 24 28.2, CH3 1.38, s 3, 4, 5, 24
24 16.9, CH3 1.09, s 3, 4, 5, 23 16.8, CH3 1.11, s 3, 4, 5, 23
25 15.4, CH3 0.78, s 5, 9, 10 15.3, CH3 0.83, s 1, 5, 9, 10
26 17.4, CH3 0.98, s 7, 8, 9, 14 17.3, CH3 1.03, s 8, 9, 14
27 26.2, CH3 1.35, s 8, 13, 15 25.7, CH3 1.42, s 13, 14, 15
28 180.3, qC — 180.0, qC —
29 28.5, CH3 1.24, s 19, 20, 21, 30 28.3, CH3 1.28, s 19, 20, 21, 30
30 65.6, CH2 3.93, d (10.5); 19, 20, 29 24.9, CH3 1.16, s 19, 20, 21, 29

4.01, d (10.5)



oleanolic acid as an aglycon was isolated from the roots of
Clematis chinensis (Ranunculaceae).21)

Experimental
The optical rotations were determined on a JASCO P-1020 polarimeter.

The IR spectra were recorded on a JASCO FT/IR-5300 spectrometer. FAB
mass spectra were obtained in a glycerol matrix in negative-ion mode on a
VG-VSEQ spectrometer. The NMR spectra were measured in pyridine-d5 on
a Varian Gemini 2000 instrument (300 MHz) or a Bruker AMX-500 instru-
ment (500 MHz), and the chemical shifts were referenced to TMS. GC
analysis was performed with a Hewlett Packard 5890 Series II gas chro-
matograph equipped with an H2 flame ionization detector. The column was
an HP-5 capillary column (30 m�0.32 mm�0.25 mm); column temperature,
200 °C; injector and detector temperature, 290 °C; and He flow rate,
30 ml/min. TLC was performed on silica gel 60 F254 (Merck) and cellulose
plates (art no. 5716, Merck).

Plant Material The seeds of P. nil were collected in September 2003 at
Shinchun, Songpa-ku, Seoul, Korea, and authenticated by one of authors (J.-
H. Lee). A voucher specimen (KIOM 03-3-20) was deposited in the Depart-
ment of Herbal Pharmaceutical Medicine, Korea Institute of Oriental Medi-
cine.

Extraction and Isolation The powdered seeds of P. nil (1.67 kg) were
sonicated three times with 70% MeOH at room temperature. The MeOH ex-
tract (280 g) was evaporated under reduced pressure to dryness to give the
precipitate, which was recrystallized from CHCl3–MeOH to give b-sitos-
terol glucoside (30 mg). The MeOH extract was partitioned in succession
between H2O and hexane, EtOAc, and then n-BuOH, affording 7, 8, and 87 g
of the respective extracts. The hexane-soluble fraction was subjected to col-
umn chromatography on silica gel eluted with CH2Cl2–MeOH (gradient) to
give 15 subfractions. Subfraction 4 was recrystallized from CHCl3–MeOH
to give b-sitosterol (13 mg). The EtOAc-soluble fraction was chromatog-
raphed on silica gel with CH2Cl2–MeOH (gradient) as an eluent to yield 17
subfractions. Subfraction 4 was recrystallized from MeOH to give methyl
caffeate (184 mg). Subfraction 9 was repeatedly chromatographed on
LiChroprep RP-18 with 80% aqueous MeOH as eluent to yield caffeic acid
(34 mg). The n-BuOH-soluble fraction was passed through a porous polymer
MCI gel (CHP 20P, 75—150 m) column. After washing the column with
water, the adsorbed materials were eluted successively with 70%, 80%, and
90% aqueous MeOH and MeOH to give 15 subfractions. Subfraction 4 was
subjected to column chromatography on RP-18 eluted with 70% aqueous
MeOH to give compounds 1 (28 mg) and 2 (21 mg). Spectra measured for
the isolated compounds of known structures were in good agreement with
the reported data for b-sitosterol, b-sitosterol glucoside (daucosterol),22) caf-
feic acid,23,24) and methyl caffeate.25)

Pharbitoside A (1): [a]D
21 �0.4° (c�0.14, MeOH). (�)-HR-FAB-MS m/z:

941.5125. Calcd for C48H77O18: 941.5110. FAB-MS m/z: 941 [M�H]�, 795
[(M�H)�146]�, 633 [(M�H)�146�162]�, 471 [(M�H)�146�162�
162]�. NMR data (pyridine-d5, 500 MHz): Tables 1 and 2.

Pharbitoside B (2): [a]D
21 �12.0° (c�0.21, MeOH). (�)-HR-FAB-MS

m/z: 941.5133. Calcd for C48H77O18: 941.5110. FAB-MS m/z: 941 [M�H]�,
795 [(M�H)�146]�, 633 [(M�H)�146�162]�, 471 [(M�H)�146�
162�162]�. NMR data (pyridine-d5, 500 MHz): Tables 1 and 2.

Acid Hydrolysis of 1 and 2 Saponins 1 and 2 (2 mg each) were refluxed
separately with 5% HCl in 60% aqueous dioxane (10 ml) for 2 h. The reac-
tion solution was evaporated under reduced pressure, and the hydrolysate
was extracted with ether. The aqueous layer was neutralized with Ag2CO3,
filtered, and the filtrate was concentrated under reduced pressure. The
residue was compared with standard sugars using cellulose TLC [pyridine–
EtOAc–HOAc–H2O (36 : 36 : 7 : 21)], which showed the sugars to be Rha
and Glc in both cases. The spots on TLC were visualized by spraying with
aniline phthalate reagent followed by heating.

Determination of the Absolute Configuration of Sugars of 1 and 2
The dried sugar mixture was dissolved in pyridine (0.1 ml), and then the so-
lution was added to a pyridine solution (0.1 ml) of L-cysteine methyl ester
hydrochloride (2 mg) and warmed at 60 °C for 1 h. The solvent was evapo-
rated under a N2 stream and dried in vacuo. The residue was trimethylsily-
lated with TMS-HT (0.1 ml) at 60 °C for 30 min. After the addition of
hexane and water, the hexane layer was removed and checked with GC. The
retention times (tR) of the peaks were 23.73 min (L-Rha) and 37.87 min (D-
Glc). The tR of the peaks of the authentic samples were 37.87 min (D-Glc),
39.90 and 40.65 min (L-Glc), and 23.73 min (L-Rha), respectively.
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